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CHAPTER f 
A l l  atrain8 o f  tumorous-head Drosop.hila melanoqastar 
current ly  available ere der ived  from a collection aP w i l d  
flits8 found near the village o f  Acehuizolte,  Mexico i n  
1941. During the Spr ing  o f  1945 abnormal s t ~ u c t u r e s  were 
discovered in the head ~ e g i o n a  o f  the deacandants o f  the  
Acahuizolta s t t a i n  by i n v e s t i g a t o r s  at the  U n i v e r s i t y  of 
faxas. Those fl iem display ing the abnormal growths were 
malect ive ly  inbred end the s t r a i n  was sent to t h e  Univsr- 
.Sty o f  Utah where tha name wtumorous-haeda and the syn- 
bol "tu-hm ware a s s i g n e d  t o  it. After years o f  intensive 
select ion,  the level of  f l i e s  i n  that strain expressing 
the tumorous-head trait reached 80 - 90% (Gerdncr,  1970). 
Thm d i e t r i b u t i o n  and morphology o f  the abnormal heed 
growths were d e s c r i b e d  by Newby i n  1949. Usually uni- 
l a tera l ,  r a r e l y  b i l a t e r a l ,  and never e y m n a t r i c e l ,  the 
tumorous head growths were not  Been t o  cross the m i d l i n e .  
They were, however, o f t e n  asen t o  a f f e c t  b o t h  eides o f  
t h e  haad. Frequent involvement o f  the eyes, antennae, 
and other dorael-letstel parts  o f  the D x o s o ~ h i l a  heed and 
the abeenca o f  growths i n  the mouth regions were observed 
by Newby. Homoeosis was s u s p e c t e d  by the replacement of 
antennae with leglike grawths. The idea  was fur ther  ex- 
plored by Poat la thwa i t  and h i s  coworkers i n  1972 and, 
more recent ly  by Kuhn and Dorgsn ( i n  press). ~ltasations 
fsom antennas to l e g ;  from eye t o  abdominal, g e n i t a l ,  and 
leg s t t u c t u r e s ;  and from rostralhaut t o  abdominal and 
genital s t tu t turea  have been reported. 
In 194gr e semidaminant  t h i r d  chromosome gene  (sym- 
bolized tu-3) wae shown by 6ardner and Woolf (1949)  t o  be 
responsible for the  abnormal head growths, A sex-l inked 
zscemsive gane (tu-1) causing 8 maternal e f f e c t  was found 
to  i n c r e a s e  the p e n e t z e n c e  of the tu-3 gene (Gerdner and 
Woalf,  1949) .  The tu-3 gene was located by t e r d n s r  ( 1 9 5 9 )  
i n  the-right arm of the t h i r d  chromosome a t  58.0.  The 
tu-l gene was deficiency mapped by Woolf t o  65.3 i n  the  
X chromosome (Woolf personal  communication). A l l  tumar- 
ous-head flies ere honozygous for these genes and all but 
one a t r a i n  possesa a third chronoaome d i a o t p h i s m ,  In(3L)P, 
known as t h e  Payne inversion (Woolf  and Phe lpe ,  1 9 6 0 ) .  
Two types o f  thiod chromosomes era i n v o l v e d ,  3A and 3 B .  
Only 3A carries the tu-3 gene end only 3B carries the 
large peracentric i n v e r s i o n  on its left arm (Woolf  and 
Phelps, 1960). The beyne inversion being honozygous 
l e t h a l ,  o n l y  two t y p e s  o f  a d u l t  flies e x i s t ;  those carry- 
i n g  3A/3A and those carrying 3A/3B (Woolf  and P h e l p s ,  
3 
1960). Female homokaryotypes (3A/3A) are found t o  be 
l eas  productive than female haterokaryotypes (Woolf ,  
1967). T h i s  phenomenon i s  due i n  paxt t o  a po lygen ic  
syater  i n v o l v i n g  the sacond chzonosome and i n  part  to a 
viability materna l  e f f e c t  controlled by the left arm of 
, 
chromosome 3A (Woolf ,  1967). Reduced f e r t i l i t y  displayed 
by the hoaokaryotype female has been a t t r i b u t e d  t o  a 
second chramosomc maternal e f f e c t .  Reduced fecundity has 
been a t t r i b u t e d  t o  a c o n t r o l l i n g  region n e a t  roughoid 
(0 .0 )  in the left arm o f  chromosome 3A (Woolf, g$., 
1964).  Increased male and female hetcrokaryntypa f i tness  
has been a t t r i b u t e d  t o  an interaction between the second 
and t h i r d  chromosomas (Knowlcs, 1967). 
I n  1968, Woolf  d e s c r i b e d  a g e n i t a l  disc defect  d i e -  
played by the  tumorous-head males and transformed famalee 
(XXY, tra/tra flies). In the  presence o f  a maternal ef-  
f e c t  produced by a n a t u r a l l y  occur ing  allele t o  tu-1, 
aodifiets on tha second chromosome, and tu-3, 0% t o  over 
605 of the male flies l a c k  seminal  vesicles  which d e r i v e  
f rom t h e  g e n i t a l  d i s c .  In  the  absence o f  these seminal 
ve8icles, t h e  testes cannot elongate and coil. Conse- 
quent ly ,  the a f f e c t e d  males cannot reproduce. 
Kuhn, in 1971 and 1913, obaerved t h a t  a metarnel 
e f f e c t  associated w i t h  the h s t e r o k e r y o t y p i c  females af- 
fac t8  sex ratios in t a v b r  o f  males. Genes i n  chromosoma 
3B,  probably within In(3L)P, have been i m p l i c a t e d .  
In all, f i v e  materna l  a f f a c t s  have been a t t x i b u t a d  
t o  the tumaroue-head flies. The first, affecting head 
tumots, is aaaocieted w i t h  tu-1. The second, a f f e c t i n g  
the v i a b i l i t y  o f  female honokeryotypes, is associated 
with  the  left arm o f  ~hs~rnosome 3A. The t h i r d ,  a f f e c t i n g  
t h e  f e r t i l i t y  o f  female honokaryatypes, is associated 
with the second chromosome. The f o u r t h ,  a f f e c t i n g  t a m t e s  
development in male tumorous-heed flies, is associated 
w i t h  a n a t u r a l l y  occuring allelm t o  tu-1, and t h e  f i f t h ,  
affecting sex ratios (in f a v o r  o f  males), is associated 
with t h e  hetarokaryatypic females. 
Kuhn (in press) detezminsd tha t  extanaiva genet ic  re- 
lationships e x i s t  between the ec los ion ,  sex rat ioo,  kary- 
otype, and penettance o f  t h e  tumorous-head trait. None 
o f  these c h a r e c t e r i s t i c a  i s  independent  in i t s  expreesion. 
I n t e r a c t i o n s  are based on t h e  f a c t  t h a t  females are more 
likely to develop the tumorous-head trait t h a n  are melee 
and that  the heterozygous c o n d i t i o n  for chromosaaa 3B 
increases the p r o b a b i l i t y  o f  zygote s u r v i v a l  t o  the adult 
.tags despite ebnormal~~development r e s u l t i n g  in t h e  ex- 
preesion o f  the tumorous-head trait (Wool9 and L o t t ,  
1965).  
Recent inveat igaraons have drawn similarities be- 
tween the tumorous-head t r a i t  and varioua enzyme a y e t ~ n s  
i n  P g o ~ ~ a h i l q  m e l - e n w 3 ~ q .  Cartain locationel similari- 
tiam between the genes reaponmible f o r  the exptession o f  
thm turorou~-haad trait end f o r  t h a  actions o f  th ree  
enzyme., xenthine dehydrogenase,  aldehyde!! oxidass, and 
pryidoxal  oxidese, have been euggested by Kuhn and Cun- 
ninghan (pcreonal communication) .  
In Drooophih g c l a n o c l e s t ~ ,  three d i f f e r e n t  gene 
loci produce and control xanthine dehydsoganase. No ac- 
t i v i t y  for t h i s  enzyme can be demonstrated in f l i e s  w i t h  
an e y e  mutation maroan-like (ma-1) characterized by 8 
brownish aye color. This gene ie l o c a t e d  a t  64 .8  on t h e  
X chroaosoma (Forrest g& a., 1956) and functions i n  
purine metabolism. S i m i l a r l y ,  8 second trait resulting 
from the recessive gene rosy (ry) located a t  52.3 i n  t h e  
sight a m  o f  t h e  t h i r d  chromosome, shows no xanthine ds- 
hydroganese a c t i v i t y  and is charactexired by a brownish 
eye pigment (Glasemen and M i t c h e l l ,  1 9 5 9 ) .  In 1965, 
Glareman suggested t h a t  t h e  s t r u c t u r a l  gene locue f o r  
xanthine dehydrogenase is p o s i t i o n e d  at ry. Kaller and 
Glarrenan- in 1964 described a t h i r d  lbcur, (3-332) af fec t -  
i n g  the quant i ty  o f  enzyme produced. Thoee flies hoao- 
zygous f o x  t h e  allele show on ly  25% o f  the n ~ r a e l  w i l d -  
typa activity for xanthine dehydsogenese. The allala, 
symbolized lxd ( l o w  xanthine dehydrogenase), i~ believed 
t o  serve a regulatory function. 
the structural gene fox  a second enzyme, aldehyde 
oxidaae, ha* been rapped by Dickinson ( 1  970 )  to 56.6 
0.7 on the sight arm o f  chromosome 3.  Aldehyde ox idase  
i a  obaerved in reduced quant i t i es  i n  l x d  mutants and i s  
t o t a l l y  abaent i n  m a - 1  f l i e s  (Dick inson ,  1970). 
L ike  aldehyde oxidase a t h i t d  enzyme, pyridoxal 
axidaae, is observed in reduced quantities (5% normal) 
in lxd mutant. ( C o l l i n s  and Glassmen, 1969) and is to- 
t a l l y  absent i n  ma-1 flies (Forreet & &, 1961) .  
C o l l i n s  and Glassman (1969)  s u g g e s t  t h a t  t h e  structural 
+ gene locue for pyridoxal ox idase  is positioned at 57.0 - 
on the t h i r d  chromosome. Mutants at t h i s  locus produce  
low pyridoxal oxidase ( I p o )  showing only  2% o f  the w i l d -  
type activity. 
Severa l  theories  have bean forwarded t o  explain the  
similarities and r e l a t i o n s h i p s  among these t h r e e  enzymes. 
A-cofactor theory suggested by Glassman (1965)  is favored 
in explaining similarities between xenthina dehydrogenase 
and ptyidoxal oxidasa.  Both theee enzymes, having 
separate s t r u c t u x a l  genes, rely on t h e  products o f  ma-1' 
and lxd' f o r  the formation a f  a co fec to r  necessary f o r  
their individual functioning (Colline and Glaosmen, 1969).  
Likewise,  Courtr ight  (1967) euggested t h a t  the f u n c t i o n a l  
aldehyde oxidase enzyme relies on the aeeociation o f  alde- 
hyde a x i d s s e  and ma-l+-and i s  c o n t x o l l e d  by the 1xd  locus .  
Court~ight (1967) auggssted a aecond s i m i l a r i t y  betwean 
a ldehyde oxidose and xanthine dahydrogenaae by demon- 
mttat ing  materna l  e f f e c t  activity i n  maroon-l ike f l i e s .  
Kuhn and Cunningham (pexsanel communication) have 
obaarved ( F i g .  I )  tha t  t h e  tumorous-heed trait is pro- 
duced by an interaction o f  tu-l and tu-3 with t h e  Payna 
invesaion s e r v i n g  as an adaptive backbone having regula- 
tory powers. S i m i l a r l y ,  t h e  structural gene l o c i  f o r  
xanthine dehydxogeneee, aldehyde oxidese, and p y r i d o x e l  
oxidaae ere a11 l o c a t e d  between 52.3 and 58.0 i n  the 
r i g h t  asm o f  chromosome 3. A l l  three enzymes require a 
+ gene  product  ' o f  ma-l (next t o  tu-1)  i n  order t o  func- 
tion and a11  ere r e g u l a t e d  by i x d  ( w i t h i n  In(3L)P). 
Finally, b o t h  xenthina dehydrogcnase end aldehyde oxidese 
deaonshrate maternal e f f e c t  activity as does the tunox- 
ous-head trai t .  
How these three enzyme systems r e l a t e  t o  the tumor- 
ous-heed trait i s  c u r r e n t l y  under i n v e s t i g a t i o n  by Kuhn 
and Cunningham. They have already demonstseted t h a t  the 
Arizona S t a t e  Univers i ty  (ASU) s t r a i n  o f  tumorous-head 
P r o s o ~ h i l a  shows severely depressed levels o f  xanthine 
dehydrogenase end increesed levels of aldehyde oxidase. 
The d i f f e r e n c e  in a c t i v i t y  o f  the lat ter  enzyme when com- 
pared t o  wi ld-type l e b o r e t o r y  s t r a i n s  i s  g r e a t e s t  d u r i n g  
embryogenesis end aataaorphoeis. These davslopmcntal 
ma- I ' -'tu-l 
2- . . - 0 . .  .  
3 I ry-1 1 1 1-tu-3 
( 1 x i " O "  aldox \ l p o  
II) - heter~chromatin with centrornere 
-.I X8Y, 2,384 - chromosomes of Dros~phile melanogsster 
ma- l 
tu-1 
I x d 
In 131) ? 
tu- 3 
- 
- maroon- like mutant lacking xant hina dehydraganase 
.I) maternal effect genes for head tumors or 
sac testes 
- 
- mutant causing low xanthine dehydrogenase 
- 
- Pay ne tnversion 
- rosy eye mutant lacking xanthine dehydroganase 
- 
- aldehyde oxidase structural gene locus 
- 
- mutant causing low py;idoxal oxidase 
- samidorninant gene causing head tumors 
Fig. 1. Gene locations for the major genes controlling 'the tumorous- 
. head trait, xsnt hi ne de hy drogenase, aldehyde oxidase, and pyridoxsl oxidescr. 
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stages coxrespond t o  t h e  tiesue determinat ion  and d i f f a r -  
e n t i a t i o n  (Kuhn and Cunningham, a u b o i t t e d ) .  
Undoubtly tha genetice, regulation, and expression 
o f  t h e  tuaorouaa-head trait i n  Drosoohila melanooaster i s  
an i n t e r e s t i n g  e t u d y  having much area open f o r  i n v e s t i g a -  
, 
t i o n .  An u n d e r s t a n d i n g  a t  t h e  m o l e c u l a r  l eve l ,  a s  wall 
as a t  the  genet i c  level, would g t e e t l y  add t o  the under- 
atanding o f  abnormal growth and development i n  general. 
Hany d i f f e r e n t  approaches t o  t h e  study o f  the tumor- 
ow-head trait have been used. I t  was t h e  purpose  o f  t h e  
present investigation t o  u t i l i z e  y e t  another approach. 
I f ,  indeed, there is some product (as p r o d u c t s )  zeleased 
by t h e  tumorous-head system t h a t  is un ique  to t h a t  system 
end t h a t  is o f  l a r g e  enough n o l e c u l e r  w e i g h t  t o  be enti -  
genic, its presence s h o u l d  b e  detectable by immuno log i ca l  
means. Immunology is a relatively young end r a p i d l y  
changing science. Until recently it has not been  ueed i n  
those areas outside o f  the str ict ly  medical fields (Cor- 
don, 1974). Immunology provides a power fu l  means o f  
detecting v a t y  minor d i f fe rences  among s u b s t a n c e s  t h a t  
otherwise appear similar. It was the i n t e n t ,  therefore, 
o f  t h i s  i n v e s t i g a t i o n  to  use immuno log i ca l  techniques i n  
t h e  study o f  the  tumorous-head t r a i t .  
CHAPTER 1f 
MATERIALS AND METHODS 
Immunizeti~n R a b b i t s  
the turorous-head fly preparations ( t u h  antigens) 
u t i l i z e d  in the i n i t i a l  immunizations o f  two n a l s  New 
Zealand white r a b b i t s  ware o b t e i n e d  by e m u l s i f y i n g  in a 
tissue gr inder  200 male and 200 female tumorous-head f l i e s  
(ASU s t r a i n )  i n  4 a1 o f  distilled wate t .  A dosage, thers- 
fore, o f  100 male and 100 female f l i e s  p e r  r a b b i t  p e r  i m -  
munization was used. 
Similarly, the w i l d - t y p e  f l y  preparat ions  (wi ld-type 
a n t i g e n s )  u t i l i z e d  i n  t h e  iamunizetians o f  two other male 
New Zealand w h i t e  rabbits were o b t a i n e d  by emulsifying 50 
male and 50 female f l i e s  each o f  four w i l d - t y p e  labora- 
tory s t r a i n s  in 4 m l  o f  d i s t i l l e d  water. Swedish-C, 
Urbana-St Oregon-R-C, end Canton-S s t r a i n s  were used. 
The dosage, therefota, p e r  immunization p e r  r a b b i t  wae 
25 male end 25 female f l i e s  each o f  the four laboratory 
atrains mentioned. 
Priot t o  each immunization, a small portion o f  each 
preparation was p l a t e d  .out on Tryptic-soy-agar (TSA) and 
incubated a t  37% for 48 house. Subsequent ly ,  the  c u l t u r e s  
were transferred t o  TSA s lanta ,  raincubatad a t  37% for  
48 hour., and then stored a t  4% for later use in t h e  
immunoabeorption studiea. 
An immunization schedule o f  5 intramuscular injec-' 
t i o n s  a d m i n i s t e r e d  a t  10 day i n t e r v a l s  was set .  A s i x  
week * r e s t i n g  periodm was than allowed t h a  r a b b i t s .  Ten 
days prior to sezua collection, booster i n j e c t i o n s  were 
administered. To prevent  paralysis o f  t h e  immune aystam, 
a smolles dose o f  the a n t i g e n  p r e p a r a t i o n  was used (60r- 
don, 1974):  in t h i s  case, 0.4 o f  the p r e v i o u s  dosage 
Serum Collect ion 
Blood was obtained from the immunized r a b b i t s  10 
day. and 13 days following the booster injections. Ap- 
proximately 15 r n l  o f  blood was collected each time by 
ear vein laceretion. Samples were r e f r i d g e r a t e d  ovat- 
night  t o  e l low for maximum shrinkage of t h e  c lo t  which 
war s u b s e q u e n t l y  removed by centrifugation at 3000 x g 
for 15 minutes. Those serum samplee n o t  immediately 
u s e d  were stored i n  small volumes a t  - 4 0 ' ~ .  
T i t e r  
Individual serum samples were titered aga ins t  the 
a n t i g e n  r a ~ p o n s i b l e  for t h a i r  e y n t h e s i s .  A slide d i f -  
12 
fus ion  (Outhtarlony double d i f f u s i o n )  technique employing 
a standard 7-well pat tern  was u t i l i z e d .  Serum d i l u t i o n s  
18512, end 1:1024 were used (Burrell end Mascoli, 1 9 7 0 ) .  
G l o b u l i n  P r e c i ~ i t a t i o n  gq A% $yq -. ,
**. 
-2, 
Sesua aanplcs from each set o f  r a b b i t s  ware pooled 
p r i o t  t o  the ammonium su l fa te  p r e c i p i t a t i o n  o f  the  globu-  
l i n s .  Each pooled sample was treated as described below: 
Saturated ammonium s u l f a t e ,  pH 7.0, was added 
dropwise to the serum sample t o  a final ammonium s u l f a t e  
concantratian o f  40%. A f t e t  s t i r r i n g  constant ly  a t  room 
temperature f o r  30  minute^, the m i x t u r e  was centrifuged 
a t  1000 x g, room temperatuta for  30 minutes. The super- 
\ 
nate was discarded and t h e  p e l l e t  was resuspended in one 
volume o f  405 w/v (NH4)2S04. The mixture was centr i fuged 
as above and the precipi tate  was restored to the o r i g i n a l  
serum volume w i t h  0.01 M sodium phosphate buf fered saline 
pH 7.2 (PBS). Excess ammonium su l fa te  was removed by 
passage through a aaphadex 6-25 column (49.5 x 4 ca, Ace 
Glass, Inc. Vineland, New Jersey).  E l u t i o n  was w i t h  PBS. 
Pzatein peaks measured at 280 nm were collected end the 
e lua te  w.8 concentrated to the original serum volume by 
Anicon Ultrafiltration. A 50 UM filter and 18 l b / i n  2 
nitsogan were used. The f i l t r a t i o n  was performed at 4OC.  
The g l o b u l i n  concentrat ion of the remplc was e s t i -  
mated by absorbance at 280 nmr a reading  o f  1.24 U 
e q u a l i n g  1 mg o f  g l o b u l i n  per m l  (Calcagno, a,, 1973).  
Drosoohila S t r a i n  Svnthesis 
aized according t o  the f l o w  diagram appearing i n  t h e  
Appendix. I t  was t h e  i n t e n t  o f  this synthesis t o  locate  
a t  the chro~osoma level genes r e s p a n s i b l a  for the unique  
tumosous-head antigens tha t  may be i n v o l v e d  w i t h  the 
amoxphoua growths a p p e a r i n g  in the head regions of t h e  
tumorous-head flies. All f l i e s  were maintained by Kuhn 
at 25% in +-pint milk bot t l e s  containing standard 
Drosoohila medium. 
Pevelo~mentel S t u d i e s  
For  i rmunod i f fus ion  and absorption studies, flies i n  
var ious  developmental s tages wars c o l l e c t e d  i n  accordance 
with Paulson's (1950)  and Bodenstein's (1950)  d e s c r i p t i o n  
and timing o f  metemorphological events in D r o s o ~ h i l a  
melanoqastcr. 
Unetherized male and female flies o f  the  s e l e c t e d  
etsa in  were pleced i n  empty * -pint  milk bottles and in -  
ve t ted  over a s t e n d a s  d i s h  containing standard D r o s o ~ h i l a  
medium. Eggs were collected 16 - 18 houra after laying; 
f i r s t  inster larva., 40 - 42 hours after l a y i n g ;  second 
inster larvae, 64 - 66 haurs after laying; early third 
instar larvae, 72 - 74 hours after lay ing;  middle t h i t d  
i n s t a t  l a rvae .  80 - 82 hours a f t e r  laying; end l a t e  mid- 
d l e  t h i r d  inatair  larvae, 92 - 94 hours after laying. 
Both male and female late t h i r d  i n e t a r  larvae (having an 
avetage age o f  100 - I 10  hours)  wste col lected as they 
crawled up the  sides o f  t h e  cultuse bottles prior to 
pupation. Pupae wars c o l l e c t e d  f r o m  vials conta in ing  
standard Drosoohilq medium i n  which previously sexed l a t e  
t h i r d  i n s t e r  larvae had been placed and allowed t o  pupate .  
Pupae having an average age o f  150 - 170 hours (medium 
pupae) were collected. 
mmu.nodif f usion S t u d i e s  
A double d i f f u s i o n  slids t e c h n i q u e  ae devised by 
OrJan Ouchterlony was used thsoughout the i n v e s t i g a t i o n  
(Gordon, 1974).  
Standard s i z e  microscope slides were coated w i t h  a 
15 Nobel Agar solution prior to the *actual pouring  o f  t h e  
gel diffusion medium ( a  l* Nobel Agar solution prepared 
wi th  0.01 H potassium phosphate buffer, pH 8.0).  Approx- 
imately 3 m 1  o f  the g e l  d i f f u e i o n  medium were-used p e r  
s l i d e .  Standard gel d i f f u s i o n  equipment (Gelaan Inet ru-  
rent t o .  Ann Arbor, ~ i c h i g a n )  waa w e d  throughout the  
15 
i n v e s t i g a t i o n  in the pouting and c u t t i n g  o f  the d i f f u s i o n  
slides. Sewan- and nine-well patterns were utilized. In 
most atudies, the center  wells were chosen for the anti- 
body solutions and the outer w a l l s  far the  var ious  anti- 
gen p t e p e t a t i o n s .  
, 
Antigen aamplas used in the d i f f u s i o n  studies ware 
prepatad on the day o f  use by emulsifying 20 male and 20 
female flies o f  the  selected strain in 1 in1 o f  0.01 M 
poteaeiun p h o s p h a t e  buf fer ,  pH 8.0. Wild-type antigen 
preparations were o b t a i n e d  by e a u l e i f y i n g  5 male and 5 
fano le  f l i es  each o f  the four  p r a v i o u s l y  ment ioned  strains 
i n  1 a1 o f  the phosphate b u f f e r .  Samples for the da- 
velopmental  s t u d i e s  were similarly o b t a i n e d  on the  day of 
uee by emulsifying e i t h e r  4PO eggs, 200 f i r s t  i n s t a r  l a r -  
vae, 100 second i n s t a s  larvae, 40 early, middle, or lata- 
middle third i n s t a r  larvae, 20 male and 20 female l a t e  
t h i r d  instar larvae,  or 20 male and 20 female pupae in 
1 al o f  t h e  p h o s p h a t e  buffer.  
Antigen preparations were a l l o w e d  to d i f f u s e  24 
houts at rooa temperature in a moist chamber p r i o r  t o  t h e  
addition o f  antibody to  the  cen te t  well. F o l l o w i n g  en- 
other 24 hour i n c u b a t i o n  period at rooa temperature, the 
slides ware stored a minimum of 24 hours a t  4 ' ~  before 
s t a i n i n g .  
Slid.. t o  be atainad were placed i n  a 0.01 M pataa- 
16 
durn phosphate b u f f e s  (pH 8.0) bath for 2 hours .  They 
wsta removed t o  a d i s t i l l a d  water bath for 10 minutes; 
stained subsequently in e 0.3s w/v Thiez ine  Red s o l u t i o n  
(prepared in 1% v/v acetic acid) for 10 minutes; washed 
in two changes o f  176 acetic acid for 10 minutes  eech; and 
finally preservad in 8 15 acetic acid - 1% v/v glycero l  
aolution for 10 minutes. The slides were t h e n  dried at 
toom temperatura. 
All slidss were examined and i n t e r p r e t e d  by means 
o f  a high i n t e n s i t y  light source and a hand lens. 
Jmmunoabsor~tion S t u d i e s  
Absorption o f  bacterial cultures was accomplished 
by i n c u b a t i n g  u n d i l u t e d  g l o b u l i n  and a heavy becteriel 
suspmnsion (prepared by s u s p e n d i n g  the  bacterial growth 
o f  eech slant i n  2 m l  of s ter i le  d i s t i l l e d  water) in a 
0 
t e t i o  o f  181 at 37 C for 4 hours. The s o l u t i o n  was 
8 
stored a t  4 4  f o x  12 - 18 hours and subsequently centri- 
fuged a t  1000 x g f o r  5 minutes  t o  p e l l e t  the reacted 
materials. 
Absorption o f  Drosonhila e n t i g e n s  was performed 
as above u t i l i z i n g  a Droso~h i la  - a n t i b o d y  suspension 
prepared by emulsifying 20 male end 20 female'flies o f  
the selected s t r a i n  ox 5 male end 5 female f l i e s  ~ a c h  o f  
the four laboratory wild-type s tra ins  in 1 a1 o f  undi luted 
g l o b u l i n .  Similarly, for the developmental  studiea 
/- 
aither 400 eggs, 200 f i r s t  inster larvae, 100 second in- 
r t s s  latvae ,  40 early, middle, or late-middle third in- 
star larvae, 20 male and 20 female late third instac  lar- 
vae, 0s 20 male and 20 female pupae were suspended in 
1 n l  o f  the u n d i l u t e d  g l o b u l i n .  C e n t t i f u g a t i o n  a s  above 
allowed for the p e l l e t i n g  o f  reacted materials. The re- 
aulting supernatants ware used exclusively as sources o f  
unreactcd antigen (Burrell and H s s c o l i ,  1970). 
An a l i q u o t  o f  t h e  serum g l o b u l i n s  from the  rabbits 
immunized with t u h  antigens was set as ide  for f l u o r e s c e n t  
l a b e l i n g .  To the g l o b u l i n s  were added e 0.1 voluaa o f  1 M 
carbonate-bicarbonate b u f f e r  pH 9.5 end 16 ng o f  f l u o t a s -  
cain isothiocyanate ( F I T C )  per 1000 mg o f  g l o b u l i n .  The 
FITC had been previously d i s s o l v e d  in 0.1 ml o f  acetone. 
The s o l u t i o n  was stirted 20 hours at 4 ' ~  i n  a f o i l  lined 
c o n t a i n e r .  To remove unbound FITC, the mixture was passed 
through e sephadax 6-25 column (as d e s c s i b e d )  and e l u t e d  
with PBS. Protein peaks at 280 n m  ware collected end the 
eluate. were concentrated to the original aliquot volume 
by Amicon Ultrafiltration. A 50 UM f i l t e r  end 18 lb/in 2 
n i t t a g s n  were used. The f i l t r a t i o n  was performed a t  4 ' ~ .  
To t h e  c o n c e n t r a t e d  FLTC-globulin s o l u t i o n  was added 
18 
Whatman diethylaminoethyl (DEAE) callulosa (DE 32 micro- 
granules)  pre-equi l ibrated  in 0.01 M sodium phosphate 
buffer ,  pH 7.5. f i v e  grams wet weight DEAE were added 
per an1 o f  globulin solution. The s lurry  was stirred for 
10 minutes and than c e n t r i f u g e d  for. 10 minutes a t  4 ' ~  and 
1500 x g. The supernatant was cal lacted  and stored a t  
4% for subsequent concentrat ion.  
The p e l l e t  was resuspended in 0.01 M sod ium phesphste 
bu f fe r  pH 7.5 containing 0.1 M sodium c h l o r i d e  (NaC1) 
us ing  1 m 1  o f  buf fex  p e r  gram o f  DEAE. The mixtuxe was 
stirred 10 minutes on a magnetic stirrer and then was 
c e n t r i f u g e d  10 minutes a t  4 ' ~  end 1500 K g. The superna- 
tant was collected and stored a t  4% for  subsequent con- 
centration, 
The above elution procedure was repeated once more 
with the 0.01 M sodium phosphate buf fer  pH 7.5 c o n t a i n i n g  
0.1 M NaCl and twice mare wi th  0.01 M sodium phosphate 
b u f f e t  pH 7.5 containing 0.2  M NaC1. 
The aupernatants collected from each e l u t i o n  were 
pooled and concentrated to the original aliquot volume by 
Amicon Ultraf i l trat ion.  PBS waa used ee a final wash i n  
f i v e - f o l d  volume and the tagged globulin s o l u t i o n  wes re- 
stored again t o  i ts  original aliquot volume by u l t r a f i l -  
2 tretion.  A 50 UM f i l t e r  end 18 lb/in n i t r o g e n  a t  4 ' ~  
were usad. The resulting solution was etored in small 
Fluorescent  S t a i n i n c l  
Adult, egg (embryo), f i rs t  i n s t a r ,  second i n s t a r ,  
t h i t d  i n s t a r ,  end Drosophila pupae Mere collected and 
fxozen prior t o  s q u a s h i n g .  In  selected studies, vasious 
par ts  of the a d u l t  fly were dissscted. Only precleaned 
standard site microscope slides ware used. 
Tha p r o s o ~ h i l a  s q u a s h e s  were alcohol  fixed ( 9 5 %  
ethanol); 2 - 3 drops o f  t h e  u n d i l u t e d  FITC-labeled enti- 
body (anti-tuh ant igens)  ware added; and, the  s l i d e s  wete 
incubated in a moiat dark chamber for 30 m i n u t e s  at 3 7 ' ~ .  
Fol lowing incubation, the s l i d e s  were washed i n  two 
changes o f  PBS and d ipp ed  in distilled water. After  s 
b r i e f  drying p e r i o d ,  they were examined for  areas o f  
fluorescence. A s t a n d a r d  Zeiss R A  fluotescent microscope  
w i t h  a BC 12 exciter f i l t e r ,  an OG 1 barrier filter, and 
an HBO 200 W/4 super pressure mercury lamp u l t r a - v i o l e t  
light source was used under dark field a b s e r v a t i o n  at 63% 
a a g n i f  i c a t i o n .  
In o d e r  t o  detetmine the s p e c i f i c i t y  of f luorescence 
8 f luorescent  i n h i b i t i o n  test was performed. Fout male 
and 4 female tueoroue-heed f l i e s  wete emulsified in 0.2 
rl o f  the u n d i l u t e d  FITt-labeled a n t i b o d y .  Fol lowing 
incubation for 30 minutes a t  3 f o t ,  the antibody was 
cantr i fuged  2 minutea a t  1500 x 9. The supernatant  wae 
than added t o  p r e v i o u s l y  f i x e d  tunoroucl-head proeonhila 
q u a s h e s .  The slides were incubatad, washed, end examined 
Likewise, in order t o  determine t h e  s p e c i f i c t y  o f  
tumorous-haad e n t i g e n s  for t h e  fluorescent antibody, 1 
male and 1 female ftom each o f  the  four laboratory wild- 
type strains were e m u l s i f i e d  in 0.2 m l  o f  u n d i l u t e d  FITC- 
l a b s l e d  ant ibody ,  Following incubation o f  30 m i n u t e s  at 
3?'~, the antibody was centrifuged 2 minutes a t  1500 x g. 
Thm supatnatant was then added t o  v a t i o u s  s t r a i n s  o f  psa- 
viously fixed D r o s o ~ h i l a  squashes. The s l i d e s  wera incu- 
bated, washed, and examined as above. 
CHAPTER I11 
RESULTS 
Inaunization Rabbits 
No adverse raeet ions  t o  the immunization or baoster- 
i n g  ptocedures wete observed either in the r a b b i t s  imnu- 
nizsd against antigens from the tumorous-heed flies o t  i n  
those rabbits immunized a g a i n s t  antigens f r o m  wild-type 
f l i e s .  A l l  animals appeased h e a l t h y ,  a t e  w e l l ,  and drank 
s u f f i c i e n t  quantities o f  water. A t  the conclusion o f  the 
project, autopey o f  the  r e b b i t e  sevaa lad  a gross d i f fa r -  
ence i n  the type of inflaaation sesponse  at the  imrunize- 
tion s i t e ,  
Areas o f  necratic t i s s u e  were observed at the sites 
of i n j e c t i o n  i n  both sets o f  r a b b i t s .  In those r a b b i t s  
immunized aga inst  the  w i l d - t y p e  ant igens,  these areas were 
d i f f u s e  and wete f i l l e d  w i t h  s viscous p u s - l i k e  s u b s t a n c e .  
In t h o s e  r a b b i t s  immunized a g a i n s t  the  tumorous-head 
antigens, the  necrotic areas were localized and were i n -  
durated. Subsequent b i o p s y  o f  t h e  tissue revealed no 
apparent abnormal c e l l s  in either set o f  r a b b i t s .  
Duzing blood c o l l e c t i o n ,  it was n o t e d  t h a t  t h e  
x s b b i t a  immunized wi th  tumorous-head f l i e s  showed 
decreased c l o t t i n g  t i n e  and aatked hsmolysis i n  the serum. 
Rabbits immunized wi th  wild-type flies showed normal 
c l o t t i n g  time and littie haaolysis i n  the serum. 
Initially, a greater antibody titer was observed  i n  
t h e  pooled eexun  o f  the r a b b i t s  immunized w i t h  the  w i l d -  
type f l i es ,  A titet o f  1:256 was noted.  The pooled 
sexurn o f  the t a b b i t s  immunized w i t h  tumorous-head flies 
ahowed an ant ibody t i ter  o f  1 :64. 
All animals were boosterad prior t o  t h e  t e r m i n a t i o n  
o f  the p r o j e c t  i n  an e f f o t t  t o  o b t a i n  sufficient quanti -  
ties o f  high titeted serum f o r  future e x p e r i m e n t a t i o n .  
A t  t h a t  tine, the pooled serum from each set o f  rabbits 
showed an antibody t i t e r  o f  1 :1024. 
p i f f u s i o n  and A b s o r ~ t i o n  Studies 
All atudies were performed n o t  less than  three timas, 
each on separate d a y s ,  u t i l i z i n g  f resh  g l o b u l i n  solutions 
and flies, eggs, larvae ,  or pupae collected on the day of 
the atudy, All r e a u l t s  were r e p r o d u c i b l e  with no varia- 
t ion.  
Ouchter lony  double  d i f f u s i o n  of e m u l e i f i e d  unabsorbed 
w i l d - t y p e  f l y  antigen preparetione wi th  a n t i b o d y  d i r e c t e d  
against wild-type f l i e s  ( a n t i - w i l d  g l o b u l i n s )  tevaalad 
f i v e  d i s t i n c t  bends, 1 W ,  3W, SW, 6W, and 7 W ' ( F i g e  2 ) .  
Diffusion o f  the sane antigen p r e p s t a t i o n s  wi th  antibody 
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Fi 2. Ouchterlony slides showing banding patterns resulting from 
t b  &fusion of unabsorbed wild-type fly preparations with anti-wild and 
anti- t u h globulins. 
direc ted  ageinat tumorous-head flies (anti-tun globulins) 
r i m i l s r l y  rsvaalad f i v e  d i a t i n c t  bands, 1 1 ,  37, 5T, 6T,  
t and 7T (F ig .  2 ) .  
D i f f u s i o n  o f  e m u l s i f i e d  unabsarbsd tumorouts-heed fly 
antigen preparations with enti-wild.globuline showed f i v e  
d i s t i n c t  bands, I W ,  3W, SW, 6 W ,  end 7W (Fig. 3). Diffus- 
ion  o f  the sans a n t i g e n  preparations w i t h  a n t i - t u h  globu- 
l i n s  revealed seven d i s t i n c t  bends, I T ,  21, 3T,  OT, 51, 
6T, and 7T ( F i g .  3 ) .  
Simultaneous di f fusion o f  unabsorbed wild-type fly 
p t e p a r s t i o n s  i n  the  upper three wells and o f  unabsorbed 
tumorous-head f l y  preparations i n  the lower three walls 
I 
w i t h  a n t i - w i l d  globulins showed that the f i v e  bands pre- 
rant displayed i d e n t i t y  pattmrns ( F i g .  4 ) .  Similar dif- 
fusion o f  both pteparations with anti-tuh g l o b u l i n s  
showed t h a t  five o f  the seven bands present displayed 
identity p a t t e r n s  and tha t  two bands, 2T and 41 ,  were 
unique t o  the tumorous-head preparations ( F i g .  4 ) .  
Bacterial absorption studies r e v e a l e d  no differences 
i n  the banding p a t t e r n s  already mentioned.  D r o s o ~ h i l a  
an t igen  absorption studire did however reveal variations 
i n  theae bending pat tarna .  
' ~ h s  notation nW o r  nT was w e d  i n  l a b e l i n g  t h e  bend* 
by i n d i c a t i n g  both  the band number (n) and the  d i f f u s i n g  
ant ibody,  anti-yild or dnti-Jph globulins respectively. 
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Fig.3. Ouehterlony slides showing banding patterns resulting from the 
diffusion of unabsorbed t u h -antigens with anti-wild and anti-t u ti globulins 
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fie 4. Ouchterlony slides showing the. idsnt ity and non- identity patterns 
ri%uRing from the diffusion of both umbsurbad laboratory f l y  preparations 
a d  tum~ous- head fly preparations with anti- wild and anti-t u h globulins. 
Absosption o f  either wild-type or tumoroue-head f l y  
ptuperetions wi th  a n t i - t u h  g l o b u l i n s  and d i f f u s i o n  w i th  
anti-wild g l o b u l i n s  revealed only  bands 5W, 6W, and 7 W .  
Diffusion o f  these sirnilaxly ebaorbed a n t i g e n s  w i t h  anti -  
tuh g l o b u l i n e  revealed only bends 5T,  61, and 7T. Ab- 
sorption o f  wi ld-type f l y  pteparetions wi th  anti-wild 
g l o b u l i n .  and d i f f u s i o n  w i th  anti-wild or anti-tuh 
globulins revealed bends SW, 6W, and 7W or ST, 61, and 7 f  
r a s p e c t i v a l y .  Absorption o f  tumorous-head fly prepara- 
t i o n s  with anti-wild globulins end diffusion with anti- 
wild or anti-tuh globulins revealed bande SW, 6Y ,  end 7W 
ox 2T, 4T, ST, 6 f ,  end 7T respectively. 
Whan absorbed w i t h  anti-wild globulins end d i f f u s e d  
with anti-tuh globulins, pseparatione o f  six s t r a i n s  o f  
Drosophile melanocras'tsr synthesized by Kuhn showed the 
. banding pa t te tns  g i v e n  in Table 1, Banding pa t t erns  
chatsctsristic o f  wild-typa adult f l i e s ,  tuaoroua-head 
adults, and H5; C"y/~a;  Sb/Ubx adults are aAro given  i n  
Table 1. Regardless o f  genotype ,  all absorbed prepara- 
t ions showed bande 5T, 67 ,  and I T .  Only those prepara- 
tions having a tumorous-head X chromosoma showed bend 4T 
and o n l y  those preparations having both a tumorous-head 
X and tumorous-head 3rd chromosome showed band ZT. 
~ s a ~ a r a  t i o n s  o f  various dsvalopmentrrl a tages f ram 
both the tumorous-head (ASU) and pooled wild-type 
TABLE 1 
Ouchtsslony d i f f u s i o n  pat te tns  
observed in preparations 
o f  several Drosonhila melanoaaster s t ra ins  
absozbed w i t h  a n t i - w i l d  globulins 
end d i f f u s e d  w i t h  ant i - tuh globulins 
Strain  Bands 
w i l d *  
*Pooled antigen preparat ions  from Swedish-C, Urbane- 
S, Oregon-R-C, and Canton-S s t r a i n s  were used. 
**See Appendix, 
laboratory s t r a i n s  o f  D r o s o ~ h i l o  when absorbed wi th  an t i -  
w i l d  g l o b u l i n s  end d i f f u s e d  w i t h  anti-tuh g l o b u i i n s  
ahowed t h e  banding pat terns  presented i n  fable 2 and Tabla 
3.  Bending p a t t e r n s  characteristic o f  preparat ions  o f  
late third larvae f rom three the Drosoahila 
atra ins  synthesized by Kuhn absorbed with a n t i - w i l d  g lobu-  
l i n s  and d i f f u s e d  with a n t i - t u h  g l o b u l i n s  are presented 
in Table  4. Bands 57, 61, and 7T appear first devalop- 
mentally with the  second i n s t a r  larvae prepa ta t ions .  
Band8 27 end 4T appear f i rs t  developmentally w i t h  Late 
t h i r d  i n s t a r  larvae prepatationa.  
Fluoreecent S t a i n i n q  
fluorescein isothiocyanate l a b e l i n g  o f  a n t i - t u h  
g l o b u l i n s ,  as p r e v i o u s l y  described, produced a f l u o t e s -  
cent ant i serum which showed non-specific fluorescence 
with severe1 D r o s o ~ h i l a  melenoqaster s t x a i n s  tested. The 
antiserum showed non-speci f ic  fluorescence w i t h  dissected 
adult tumorous-head (ASU)  flies a s  wall a s  w i t h  tumarous-  
haad (ASU) eggs. 
TABLE 2 
Ouchtsrlony d i f f u s i o n  pettarns 
obamsvad in psaparations o f  various developmental  atages 
from wiid-typ8 D z a s o ~ h i l a  laboratory s t r a i n s  
absorbad with  anti-wild globulins 
and diffused wi th  anti-tuh g l o b u l i n s  
Bands 
late  3rd i n a t s r  I, .I, a . 
&-ate mid 3rd i n s t a r  - - . a 
mid 3rd i n s t a r  
early 3rd i n s t a r  
1 s t  i n s t a r  
egg (embryo) 
*Pooled antigen preparat ions  from Swedish-C, Urbena- 
S,  Oregon-R-c, end Canton-S s t r a i n s  were used. 
TABLE 3 
Ouchtsslony d i f f u s i o n  p a t t e r n s  
observed i n  preparations o f  various deve lopmenta l  stages 
ftom tuaoraus-heed Drosoahila me1,anoqester 
absorbed with e n t i - w i l d  g l o b u l i n s  
and d i f f u s e d  w i t h  anti-tuh globulins v a 
Stage Bands 
a d u l t  
PUP** 
l a t e  3xd i n s t a r  
late aid 3rd ins tar  - 
mid 3rd instsr . 
early 3rd instar 
2nd i n s t a t  
l e t  i n s t e t  
egg (embryo) 
TABLE 4 
Ouchtarlony d i f f u s i o n  patterns 
obsetvad in prepaxetion. o f  late 3rd i n s t a r  larvae 
f x o r  thzcs synthesized D r ~ s o ~ h i l a  s tra ina  
absorbed w i t h  a n t i - w i l d  g l o b u l i n s  
and d i f f u s e d  with ant i - tuh  g l o b u l i n s  
Strain 
#See Appendix. 
CHAPTER I V  
DISCUSSION 
In the Fall o f  1973, experimente employing an im- 
munological approach t o  the study o f  tunaroue-head 
Drosa~hila nelanoaestar ware initiated at Florida Techno- 
l o g i c a l  U n i v e r s i t y .  It was hapcd t h e t  antzbody produced 
in rabbit. a g a i n s t  the tumorous-head (ASU) sttain could 
be f l u o r e s c e n t l y  labeled and u s e d  to t a g  s p e c i f i c a l l y  the 
head tumors. It was also hoped thet t h i s  f l u o r a s c a n t  
antibody would label the  eyes, antennae ,  and other dorsal- 
l a t era l  parts o f  the  Droso~h i la  head i n  those tumorous- 
head f l i e s  not  d i s p l a y i n g  head tumors. In  short, i t  was 
be l ieved  t h e t  a fluorescent ant ibody  technique c o u l d  be 
d e v e l o p e d  for d e t e c t i n g  abnormal t i s s u e  unique t o  the 
tumorous-head s t r a i n .  
A a e t  back was mat when the  r a b b i t  b e i n g  immunized 
died suddenly. Autopsy o f  the animal r e v e a l e d  m a s s i v e  
areas o f  n e c r o t i c  t i s s u e  and abnormal growth e s p e c i a l l y  
i n  t h e  g u t  region. I t  was immedia te ly  assumed t h a t  t h e  
death o f  the r a b b i t  was due to t h e  immunization. Within  
a few weeks, t h t a e  more r a b b i t s  ware immunized with the 
tumotous-head fliea i n  the hope of repea t ing  t h e  p r e v i o u s  
resu l ts .  However, the  new s e t  o f  r a b b i t s  showed l i t t l e  
mom than small e t ~ a s  of indutat ion at the immunization 
.its. These, on biopsy, d i a p l a y s d  no apparent ly  abnormal 
ce l l s .  Intacresta returned, therefore, to the goals o f  
the o x i g i n a l  project. 
The immunized rabbits were bled; t h e i t  serum pooled,  
and t h e  g l a b u l i n s  precipitated. Before f luoreacent ly  
labeling the globulins, pn at tempt  was made to dsnonstsate 
the action o f  antibody by means of gel d i f f u s i o n .  Well 
def ined banding patterns resulted and once again, the 
goals of the original p r o j e c t  were temporarily abandoned. 
A number o f  Drosa~h i la  a t r e i n s  were subsequently t es ted  
for banding reactions. Little conclusive data was ob- 
t a i n e d ,  however, end a s  the need for controlled axper i -  
mentation became e v i d e n t ,  the goale and g u i d e l i n e s  for 
the present i n v e s t i g a t i o n  wete formuletad. 
The concepts o f  the original project and the investi- 
ga t ion  reported here are similar end w i l l  be discussed 
together. 
A major criticism w i t h  the  original project was t h a t  
i t  lacked control. Without  control, any experimentation 
i s  v i r t u e l l y  u s s l e s ~ .  The rabbit, which net  ita untimely 
death at the onset o f  the project, was a femele New 
Zealand whits rabbit prsviouely used in diethylstilbestrol 
(DES) studies. The o r i g i n a l  immunization had been 
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mdainistered intravenously thereby in t roducing huge 
amounts of particulate matter into the bloodstream. It 
i a  q u i t e  d i f f i c u l t  to say, therefore, whether or not the 
death o f  the tabbit was due s o l e l y  t o  the tuaosous-head 
f l y  immunization. The weakened system o f  the r a b b i t  f r o m  
p r e v i o u s  u n r e l a t e d  experimentation, as well as, the route  
. 
of innoculet ion cer ta in ly  played a major role. The sub- 
.equant immunization o f  t h e  three r a b b i t s  d i d  n o t  produce  
the same type o f  results. Again ell three r a b b i t s  ( 1 
tamale and 2 male New Zsaland whites) had bean p r e v i o u ~ l y  
used in unrelated experiments.  Hose specifically, one o f  
the males had been used in DES studies and the others had 
been used f o r  producing antibody to unreported antigens. 
A 1 1  th ree  r a b b i t s  were immunized wi th  the  tumorous-head 
flies i n t s o n u s c u l a ~ l y  and all survived t o  give high  ti- 
tersd setum. 
I n  the present i n v e s t i g a t i o n ,  all s a b b i t s  were o f  
the same sex, age, and w e i g h t .  None had been u s e d  f o r  
experimental purposes prior t o  the study end 4911 were 
immunized intrarnusculasly.  None died during the p r o j e c t  
and a l l  produced serum o f  high titer. I t  is i n t e r e s t i n g  
to  note t h a t  the thxee o r i g i n a l  r a b b i t s ,  a s  well as t h e  
two rabbits  o f  the present s t u d y ,  immunized w i t h  t h e  
tumorous-head flies showed a decreased c l o t t i n g  t i m e  and 
marked hemolysis in t h e  eerum. Quite p o ~ e i b l y ,  some 
substance present in the tumorous-head f l y  pxeparations 
dilcactly cauaed the decreased c l o t t i n g  time,, which in 
turn,  may have caused t h e  herolysis o f  tad blood cells 
during  collection. Equally p o s s i b l e  is t h a t  e s u b s t a n c e  
p r e s e n t  in the pteparet ions indirectly caused the observed 
effects by eliciting the fo rmat ion  o f  some product  by the  
immune system which acted t o  decrease the c l o t t i n g  time 
and increase the amount o f  hesolysis. That the immune 
system responded d i f f e r e n t l y  to  t h e  tumorous-head f l y  
p r e p a x a t i o n e  end the  w i l d - t y p e  f l y  preparations ie ev iden t  
in t h a  typca o f  local react ions  seen. Without fu r thex  
sxperimentation geared s o l e l y  at observing the types of 
immune rssponcsa elicited, it is d i f f i c u l t  t o  s p e c u l a t e  
on other possible causes. 
fh8 immunodiffusian and a b s o r p t i o n  studies gave re- 
producible, clear-cut results. The o r i g i n a l  studies 
showed the two unique bands, 21 and 4T ,  f a r  the tumorous- 
head preparations, as well as, bands i f ,  3 f ,  ST, 6 T ,  and 
7T. A nuabet o f  laboratory wild-type D r o s o ~ h i l a  s t r a i n s  
were diffused w i t h  the o r i g i n a l  globulin solution and 
ahowed t h e  banding patterns seen i n  t h e  present i n v e e t i g a -  
tion. As e need f o r  a aontrol serum prepared against  
wi ld-type flies became evident, no further experimentation 
was made. 
The c u r r e n t  study o f f e r s  many c o n c l u s i o n s .  First, 
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look ing  solely at the d i f f u s i o n  end absorption studies 
o f  only the laboratory wild-type and tumotous-head s tra ins ,  
one vesy ev ident  conc lus ion  is t h a t  band I T  i s  the same as 
band 1 W  e . ,  it is formed by the same antigen-antibody 
c ~ p l e x )  and that band 3T is t h e  same as band 3W. Band 
r 
I T  was located proportionally t h e  same distance f r o m  the 
canter w e l l  as was band 1 W .  Likewise, band 3 f  was located 
proportionally the same distance ftom the center well as 
was band 3W. Both sets of bands were removed by absorp- 
t i o n  rsgasd l sas  o f  the  absorbing or d i f f u s i n g  antibody, 
Leas evident is the  re la t ion  o f  band ST t o  5W, o f  
band 6T to 6W, and o f  band 7T t o  ?We Each bend was 10- 
cated proport ional ly  the same d i s t a n c e  f rom the  centex 
well as its numerical counterpar t .  None o f  the sets o f  
bands was tewoved by absotption despite the absorbing or 
d i f f u s i n g  a n t i b o d y ,  however. As implied by the  numbering 
system chosen, these bands are probab ly  equal. Possibly, 
the concentration o f  absorbing antibody was not greet 
enough t a  completely tie up the  responsible antigens end 
thus, on s u b s e q u e n t  d i f f u s i o n ,  bands formed. Alternately, 
any o t  ell of t h e  t h r e e  bands may have been r e s i d u a l  m a t -  
ter. S p e c i f i c a l l y  the 7th bend might  have been a "halo* 
or ashadow' created by the  antibody as it d i f f u e e d .  Fur-  
ther  experimentation is needed t o  determine the t e l e t ion-  
s h i p *  o f  these band sets.   on cent ration o f  
38 
the absorbing a n t i b o d y  s o l u t i o n  is euggestcd as a fisst 
step. 
The most evident  conclusion f rom these s t u d i e s  is 
thet bends 2T and 4 f  are unique t o  t h e  tumorous-head fly 
preparations.  There was nei ther  a 2W nor 4W band and 
absorbing w i t h  a n t i - w i l d  globulins d i d  not remove either 
bend. Although band 2T was p o s i t i o n e d  very c lose  t o  band 
I T ,  i t  was d i s t i n c t .  Band 4T  had no close assoc iate  and 
consequently wa8 d i s t i n c t .  
Absorption s t u d i e s  u t i l i z i n g  the synthesized s tra ins  
o f  Drosoghila melanoae.ster indicate that the tumorous-head 
X and 3rd chromosomes are responsible f o r  t h e  production 
o f  the a n t i g e n s  which when bound with antibody r e s u l t  in 
the format ion o f  t h e  2 T  and 4T bends. Hore specifically, 
the tumoxous-head X chromosome is necessary for the 4 1  
band and both the tumorous-head X and 3rd chromosomes are 
necessary f o r  band 2T. The tumorous-head 2nd and 4 t h  
chtom~somes play  no apparent  role i n  band formation.  
As previously s ta ted ,  the tumoxous-head trait has 
been genetically shown t o  be produced by an i n t e r a c t i o n  
o f  tu-1 end tu-3 w i th  the Payne i n v e r s i o n  serving as an 
adapt ive  backbone having regulatory powers (tardner,  1970). 
I t  is possible thet  a product o f  the tu- l  locus (when 
homotygous) is the antigen r e s p o n s i b l e  for forming band 
4T. Post-thesis data  does n o t  support  t h i s  possibility, 
however. Rather a pxoduct o f  some n a t u r a l l y  occuring 
a l l e l e  t o  tu-1 i s  i m p l i e d .  
S i m i l a r l y ,  i t  is p o s s i b l e  that some product o f  the 
tumorous-head t h i r d  chronosome functional only  i n  the 
ptesence o f  another ptoduct o f  the tumorous-head X chromo- 
some (or v i c e  versa) is the  antigen t e s p o n s i b l e  f o x  form- 
i n g  band 2T. An i n t e r a c t i o n  o f  the  two chromosomes is 
e v i d e n t l y  necessary for the fotmation o f  this band. By 
i t se l f ,  the tumorous-heed 3rd chronosorne does no t  p lay  a 
tola in band farmation; although, it may produce a hapten 
(incomplete antigen) which when bound to a product o f  t h e  
tumorous-head X chromosoma result8 i n  the antigen respon- 
sible for the  21 band. Post-thesie data dose s u p p o r t  
this p o s s i b i l i t y .  
An interesting considera t ion  in e x p l a i n i n g  this 
phenomenon may lie in related enzyme studies. As already 
stated,  the structural gene  loci for x a n t h i n e  dehydroge- 
nase, aldehyde ox idesa ,  end pyridoxal oxidase are ell lo- 
cated i n  the  r i g h t  sxm o f  the t h i r d  chromosome n e a t  the 
tu-3 locus. All three  enzymes require s product  o f  ma-l+ 
(next t o  tu-1) in order t o  function and a11 are r e g u l a t e d  
by lxd within the Psyns i n v e r s i o n .  An interact ion o f  the 
X and 3rd  chromosome^ i s  e v i d e n t  here a s  i t  iq in the 
tumorous-heed system. Furthet  s u p p o r t  i s  g i v e n  t o  the 
r e l a t i o n s h i p  between these threa enzyme systems and 
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tumorous-head by the demonstration or aeprsssed xonth ina  
dahydroganrss (Kuhn and Cunningham, p e s a o n a l  cosounica- 
t ion )  and increased aldehyde oxidasa (Kuhn and Cunninghem, 
submitted) l s v a l e  in tumorous-head flies. 
Future experimentation a l o n g  these l i n e s  must show 
that  the tumorous-head X and 3rd chromosomes era raspon- 
sibla for the  27 and 4T bands regardless  o f  other gentss 
p r e s e n t .  All possible combinations o f  the two chronosoaes 
must be  e x h a u s t e d  ( L a . ,  homozygoeity f o r  one or both 
chromasomas; heterozygoe i ty  for one ox both; the absence 
or presence o f  tu-1, tu-3, and t h e  Peyns i n v e r s i o n ;  and 
all combinations thereof ) .  Once the responsible chrono-  
.ones are i n d i s p u t a b l y  d e t e r m i n e d ,  strain syntheses 
geared a t  pinpointing the r e s p o n s i b l e  genes s h o u l d  be ini- 
tiated t o  demonstrate a t  a g e m  l e v e l  the l o c i  xesponsi- 
b l e  f o r  band formation. Finally, future experimentation 
must demonstrate whether or not t h e  three enzyme systems 
are i n d e e d  r e l a t e d  t o  t h e  tumorous-head trait and, i n  the 
raae l i g h t ,  t o  t h e  banding  p a t t e r n s  seen. 
Developmentally it was shown t h a t  the 5th ,  6th,  end 
7th bands first eppeas w i t h  2nd i n s t a r  larvel preparations. 
Both the  27 and 4T bands f i r s t  appear with l a t e - 3 s d  i n s t a r  
larval  p r e p a r a t i o n s .  No at tempt  was made t o  determine the 
developmental appearance o f  t h e  1 s t  and 3cd bends (only 
absorbed praperetiono b a i n g  used). Housvsz, it can ba 
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uafely aaaumsd t h a t  th88e bands would appear no amtliar 
than 2nd instar and no later than late-3rd i ns ta r ,  It is 
i n t e r s t i n g  t o  note t h a t  the appearance o f  t h e  2T and 4T 
bands corrmsponda c l o s e l y  with t h e  appeatancs o f  -ecdy- 
sona, the molting hormone r e s p o n s i b l e  f o r  metamorphosis 
i n  (Boxat,  &., 1974).  This suggests t h a t  
a d u l t  pro te ins  are i n v o l v e d  in tha 2T  and 4 T  band foroa- 
t ion .  P o a t - t h e s i s  data f u r t h e r  d e m o n s t r a t e s  that  the 
forastion of' theae prrticular bends is associated w i t h  
the imagine1 discs. Also i n t e t c s t i n g  t o  note is t h a t  the 
appearance o f  these bends relates to the p o i n t  i n  devclop- 
ment during which the d i f f e r e n c e  i n  a c t i v i t y  of  aldehyde 
oxidass between tumorous-head and w i l d - t y p e  labaretory 
s tra ins  ia t h e  greatest  (Kuhn and Cunninghem, eub6it tad) .  
fhe latter observat ion adds credence to the  possible re- 
l a t i o n s h i p  between t h e  enzyme systems mentioned and the 
banding pat terns .  
The i n i t i a l  goal  o f  u t i l i z i n g  e f l u o r e s c e n t  ant ibody  
t o  de tec t  abnormal tissue in tumorous-head Drosoohile 
bore the least light on t h e  immunological study o f  t h a t  
p a r t i c u l a r  strain. A f l u o r e s c e n t  antibody was developed 
but tests showed i t  to  b e  n o n - s p e c i f i c ,  l a b e l i n g  the wing 
o f  one fly, t h e  r o s t t s l h a u t  o f  another, the eyes, anten-  
nae, legs, end abdomen o f  still other., Many f l i e e  com- 
p l e t a f y  Q l u o r ~ ~ c a d  while others showsd no f l u o r e a c a n c s  a t  
a l l .  The only c o n c l u s i v e  data cams f t o m  making thinner 
and thinner squashas o f  t h e  f l y  specimens. Fluorescence 
beceme more d e f i n e d  but the i n t e g r i t y  o f  the structure 
examined was d a s t t o y e d  i n  the process. Freeze- ox pate- 
fin-sectioning o f  the  fly specimen would o f f e r  a s o l u t i o n  
f 
t o  p r a a s r v i n g  structure i n t e g r i t y  b u t  wauld p o s s i b l y  
deatroy the e f f e c t i v s n a s s  o f  the FITC label. I n  answez to 
t h i s ,  ferritin is a possible s o l u t i o n .  It is obvious t h a t  
FITC-conjugation is not  the method o f  choice in labeling 
a n t i b o d i e s  d i r e c t e d  a g a i n s t  anything so large as an in- 
sect .  The thickness a f  a u s a b l e  spec imen  s i m p l y  prevents 
the ptoper e x c i t a t i o n  o f  t h e  fluorescein i soth iocyanate  
by the ultra-violet light source.  
In all, immunology has proved  to be an cxttemely 
u s e f u l  maens for s t u d y i n g  the  tumorous-head t r a i t  in 
&osophila - - aelanoaaster. E s p e c i a l l y  by means o f  immuno- 
d i f f u s i o n  and ebaoxption t e c h n i q u e s ,  r e p r o d u c i b l e ,  w e l l  
defined, and r a p i d  methods for  i n v e s t i g a t i n g  t h e  turnorous- 
head system have d e v e l o p e d .  More importantly, howevex, 
these techniques can b e  a p p l i e d  to  othex systems in 
\ 
~ r o s a n h i l a  which merit i n v e s t i g a t i o n .  Tra i t s  can be p i n -  
po inted  t o  t h e i r  r e s p o n s i b l e  chromosomes and possibly even 
t o  t h e i r  responsible gene@. R e l a t i o n s  between various 
genetic and biochaaical ayatena can be demonstrsted and 
finally, the points during dsveloprsnt when var ious  traits 
first appear can be determined.  
CHAPTER V 
SUMMARY 
A r a p i d  x a p t o d u c i b l e  method f o r  s t u d y i n g  e u k a t y o t i c  
s y s t a n s  as a means o f  further i n v e s t i g a t i n g  abnormal 
gxowth and deve lopment  is  p r e s e n t e d .  
Utilizing immunological techniques, the tumorous- 
head s t r a i n  o f  Droso~hila m e l a n o s a s t e r  was studied. 
Antisera was produced i n  r a b b i t s  against b o t h  l a b o r a -  
tory wild-type and tumorous-head (ASU) f l y  p r e p a r a t i o n s .  
Banding patterns common t o  a11 e t r a i n s  tested ,  as well as, 
pat terns  unique to the tumorous-head s t r a i n  were damon- 
strated through immunodi f fus ion  s t u d i s a .  The action of 
t h e  tumorous-head X chromosome and the interaction of  the 
tumorous-head X and 3zd chromosomes were shown by immuno- 
a b s o r p t i o n  s t u d i e s  t o  be r a s p o n s i b l a  f o r  a p p a r e n t l y  
unique tumorous-head bands. The deve lopmenta l  appearance 
of bands common t o  a l l  s t r a i n s  t e s t e d  were demonstrated 
i n  2nd i n s t a r  l a r v a l  p r e p a r a t i o n s ;  whereas, the davelop-  
menta l  appearance  of  bands unique t o  tumorous-head were 
demonstrated  i n  late-3rd inster preparet ione .  F luoras -  
cent antiserum t o  tumorous-heed f l y  p r e p a r a t i o n s  was 
ahown t o  non-specifically label a l l  e t r e i n e  tes ted ,  prob- 
ably due t o  the presence o f  t h e  three unabsorbed common 
antigencr. 
APPENDIX 
p r o s o ~ h i l a  S t r a i n  S y n t h e s i s  
S i x  strains o f  D r o s o ~ h i l a  melenoaaster were synthe- 
s ized by Kuhn w i t h  the  i n t e n t  o f  l o c a t i n g  at a chramosame 
level, genes r e s p o n s i b l e  f o r  the  unique antigens i n v o l v e d  
with the  amorphous head growths.  
S f  OCK 
H5/y; Cy/Pm; S b / ~ b x  1 /I ; 2/2; h3A ?= 3B 
ns/ t ;  cy)z; s b / 3  
H5/1; 2/2 ; 3/3 
STOCK 
-
STOCK 
-
STOCK 
MS/y; Cy/Pn; 3/3 T H5/1; Cy/Pm; 3/3 
HS/HS; Cy/Pm; 3/3 
HS/y; Cy/Pm; 3/3 STOCK -
ns/y; 2/2; S ~ / U ~ X  7 ns/i; 212;  S ~ / U ~ X  
H 5 / ~ 5 ;  2/2; Sb/Ubx 
HS/y; 2/2; Sb/Ubx STOCK -
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